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Background: Polycystic ovary syndrome (PCOS) is a heterogeneous endocrine disorder frequently accompanied by
obesity and by insulin resistance, and patients with this syndrome suffer from infertility and poor pregnancy
outcome. Disturbances in plasma amino acid (AA) metabolism have been implicated in women with PCOS.
However, direct evidence on follicular AA metabolic profiles in PCOS patients and their relationship with pregnancy
outcome is sparse.
Methods: We conducted a prospective study in 63 PCOS patients and 48 controls in the Division of Reproductive
Center, Peking University Third Hospital. Follicular AA levels were measured by the liquid chromatography-tandem
mass spectrometric method, and the results were analyzed based on different grouping criteria.
Results: The levels of aromatic amino acid (AAA) increased in PCOS patients independent of obesity (P < 0.05),
whereas the levels of branched-chain amino acid (BCAA), glutamic acid, phenylalanine, alanine, and arginine
increased with body mass index irrespective of the PCOS status (all P < 0.05). In addition, compared with non insulin
resistant-PCOS patients and controls, insulin resistant-PCOS group had higher levels of leucine, valine and glutamic
acid (all P < 0.05). In PCOS group, aspartic acid and serine levels were elevated in pregnant patients compared with
the non-pregnant subjects (both P < 0.05). Moreover, the levels of BCAA and valine were higher in the
non-pregnant group than in the pregnant group (both P < 0.05). The pregnancy rate (45.00%) of subjects with
elevated BCAA level was significantly lower than that (66.67%) in control subjects (P = 0.036) at a BCAA cutoff value
of 239.10 μM, while the abortion rate was much higher (33.33% versus 2.78%, P = 0.004).
Conclusions: Both PCOS and obesity were accompanied by follicular AA metabolic disturbances, with obesity
exerting a more pronounced effect on AA metabolic profiles. The disruptions in specific AAs in the follicular fluid
might account for the inferior pregnancy outcome in obese patients and increased risk of abortion in PCOS
patients.
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Polycystic ovary syndrome (PCOS) is a complex and het-
erogeneous endocrine disorder that is associated with
multiple metabolic abnormalities [1] including obesity and
insulin resistance (IR). Epidemic studies demonstrate that
women with this syndrome have an increased risk of de-
veloping type 2 diabetes mellitus (T2DM) and cardiovas-
cular diseases [2]. Besides these long-term complications,
infertility and poor pregnancy outcome are the major
problems in PCOS patients.
As the most common cause for anovulatory infertility,
PCOS affects 5–10% of reproductive-aged women [3]. Al-
though significant progress has been made in the treat-
ment of PCOS, a few challenges still remain. For example,
more oocytes could be obtained from PCOS patients
undergoing in vitro fertilization (IVF), but they are often
of poor quality with higher miscarriage rate [4], indicating
systemic or local endocrine/metabolic disruptions may
alter the intrafollicular microenvironment during folli-
culogenesis. Thus, for a better understanding of the mo-
lecular mechanisms of pregnancy-related dysfunction,
further studies are needed to uncover the metabolites
favorable for oogenesis and better pregnancy outcome
in PCOS women.
In a recent metabonomic study, we observed abnormal
changes of various metabolites in the plasma of PCOS
women, among which the change of amino acids (AAs)
metabolic profile was especially remarkable and related
to IR, obesity and anovulation [5]. Aside from their critical
roles in supplying calories, various AAs serve as regulatory
signals with hormone-like functions and are implicated
in IR, inflammation and embryo implantation [6-8], in-
dicative of a close relationship between abnormal AA
metabolism and PCOS pathophysiology.
The studies on the metabolic profiles of PCOS patients
so far are restricted to the plasma level [5,9,10]. How-
ever, systemic metabolic disturbances may be reflected
in the local ovarian environment, i.e., follicular fluid
(FF) that contains metabolites crucial for oocyte growth
and reflective of embryo viability and oocyte quality
[11]. In addition, data on the relationship between AA
metabolism and pregnancy outcome in PCOS patients
undergoing IVF-embryo transfer (IVF-ET) treatments
are not yet available. Based on these previous findings,
we hypothesized that disturbances of AA might also be
present in the FF of the patients, which provide an adverse
microenvironment and negatively influence oocyte quality,
embryo development and pregnancy outcome. In the
current study, we measured the levels of 20 natural AAs
in the FF in PCOS and control women, and analyzed
the data based on structured grouping criteria. Our
study may help unravel the metabolic disturbances in
PCOS patients and provide valuable directions to clinical
treatments.Methods
Study populations
This study was approved by the Ethics Committee of
Peking University Third Hospital. Informed consents
were obtained from all women prior to inclusion in this
study.
Subjects included 63 PCOS patients and 48 control
women who visited the Division of Reproductive Center,
Peking University Third Hospital from February to
October in 2012. PCOS was diagnosed according to
the 2003 Rotterdam criteria [12], i.e. the presence of two
of the following three criteria: oligo- or an-ovulation, signs
of clinical hyperandrogenism and/or biochemical signs of
hyperandrogenism and polycystic ovaries on ultrasonog-
raphy after exclusion of other aetiologies. The control
group included women attending the clinic on account of
male azoospermia or tubal occlusion. Women exposed to
any hormonal treatment or insulin-lowering agent during
the last 3 months were excluded from the study.
Patients received a standard gonadotropin releasing
hormone (GnRH) agonist (diphereline) regimen starting
on day 21 of a spontaneous menstrual cycle. Follicle-
stimulating hormone (FSH) stimulation was initiated once
down-regulation was confirmed via ultrasound and serum
estradiol (E2) measurement. HCG (10000 IU) was admin-
istered when at least three follicles reached 18 mm in
diameter. Oocyte retrieval was performed 36 h later under
transvaginal ultrasound guidance. All patients received
luteal phase support using vaginally administered pro-
gesterone starting from the day after oocyte retrieval.
Embryos or blastocysts were transferred on the third or
the fifth day after oocyte retrieval. Depending on the
age of the subject and embryo quality, one to three em-
bryos were transferred. Clinical pregnancy was defined as
the presence of a gestational sac on ultrasound performed
at 6 weeks after embryo transfer.
Sample preparation and laboratory assays
Fasting blood samples from all subjects were collected
on days 2–5 of a natural cycle or when amenorrhea for
over 40 days with follicle diameter not exceeding 10 mm
for basal FSH, luteinizing hormone (LH), androstenedione
(A), and E2 assay. Fasting glucose and insulin levels were
measured within 2 h after blood sampling on the day of
oocyte retrieval. FF was aspirated from the leading follicle
from each ovary. Only FF macroscopically free from blood
was retained for further determinations. FF samples were
centrifuged for 10 min at 3000 g and then stored at -80°C
until use.
AA concentrations were determined by the liquid
chromatography-tandem mass spectrometric method
using a 3200 Q TRAP triple-quadrupole linear ion trap
mass spectrometer (Applied Biosystems, Darmstadt,
Germany) and a high performance liquid chromatography
Table 2 Relationship between follicular AAs levels and
PCOS or BMI
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ously [13]. Sex hormones were determined by chemilu-
minescence (Siemens, Germany).
Data analysis
Comparisons of the quantitative and categorical data
were made by SPSS 16.0 using two-tailed t test and Chi-
square test or Fisher’s exact test, respectively. Multiple
linear regression analysis was used to discriminate inde-
pendent effects of each variable. Pearson correlation test
was performed to evaluate the relationship of variables.
Values were presented as means ± SEM. P < 0.05 was
considered statistically significant.
Results
Baseline characteristics of control and PCOS subjects
Characteristics of the PCOS and control cohorts were
summarized in Table 1. There was no difference in age
between the two groups. PCOS patients had higher
body mass index (BMI) than the control counterparts
(P = 0.025). Compared with the controls, PCOS patients
exhibited elevated levels of LH and A (P < 0.001). In
addition, the ratio of LH to FSH was also higher in the
PCOS group (P < 0.001). Consistent with the finding that
PCOS patients are often associated with IR, the fasting
insulin level and HOMA-IR were higher than those in the
control group (P < 0.001). However, the fasting glucose
concentrations were similar between the two groups.
Follicular AA metabolic characteristics
Follicular AAs levels in the two groups were shown in
Additional file 1: Table S1. Valine, glycine, alanine, and
glutamine were the most abundant AAs in the FF. Both
PCOS and obesity influenced AA metabolism. Compared
with BMI-matched controls, overweight and lean PCOS
patients showed elevated levels of tyrosine and tryptophan
(Additional file 1: Table S1). We also found that phenyl-
alanine and glutamic acid values increased in obese PCOSTable 1 The clinical characteristics of subjects
Control (n = 48) PCOS (n = 63) p-value
Age (y) 29.88 ±0.51 29.60 ± 0.32 0.653
BMI (kg/m2) 22.84 ±0.49 24.40 ± 0.47 0.025
LH/FSH 0.53 ± 0.04 1.30 ±0.08 <.001
FSH (U/L) 6.48 ±0.23 6.02 ±0.22 0.154
LH (U/L) 3.34 ±0.22 7.62 ±0.50 <0.001
A (nmol/L) 7.45 ± 0.51 13.57 ±0.86 <0.001
Fasting glucose (mmol/L) 4.73 ± 0.07 4.72 ± 0.07 0.949
Fasting insulin (μU/L ) 7.60 ± 0.49 11.37 ± 0.71 <0.001
HOMA-IR 1.54 ± 0.12 2.42 ± 0.16 <0.001
Values were expressed as mean ± SEM. Comparisons between groups were
done with t test after testing for equality of variance. BMI, body mass index;
HOMA-IR: homeostatic model index of insulin resistance.and control subjects in comparison with their counter-
parts, indicating a close association with BMI. Linear
regression analysis indicated that the levels of aromatic
amino acid (AAA, including phenylalanine, tryptophan
and tyrosine) were elevated in PCOS group independent
of BMI (P < 0.05) (Table 2). In comparison, the levels of
branched-chain amino acid (BCAA, including isoleucine,
leucine and valine), glutamic acid, phenylalanine, alanine,
and arginine were up-regulated in patients with higher
BMI irrespective of PCOS status (P < 0.05). These results
indicate that AA metabolic abnormality was present in
PCOS and obese patients, which may negatively affect
oocyte development and pregnancy outcome.
Considering that obesity often influences the associ-
ation of PCOS with IR, it is possible that obesity-related
AAs may correlate with IR. To test this possibility, patients
were divided into insulin resistant (IR) and non insulin
resistant (NIR) groups using HOMA-IR, and the cutoff
point was set to 2.69 [14]. 26 patients with PCOS were re-
sistant to insulin, while only 4 IR cases were found in the
control group (41.27% versus 8.33%, P < 0.001). Compared
with the NIR-PCOS and controls, IR-PCOS group had ele-
vated levels of leucine, valine and glutamic acid (P < 0.05)
(Additional file 1: Table S2), indicative of their roles in
the development of IR. Alanine level was also higher in the
IR PCOS patients compared with NIR-PCOS (P < 0.05).
Moreover, NIR-PCOS patient displayed higher AAA con-
centrations than the NIR-controls, confirming elevated
AAA levels as key characteristics of PCOS.
Pregnancy outcome and its relationship with AAs
Compared with the controls, PCOS patients had increased
numbers of fertilized embryos (P = 0.032) and total avail-
able embryos (P = 0.017) (Table 3). The numbers of re-
trieved oocytes and 2PN stage embryos in PCOS groupAAs Model 1a Model 2b
β 95% CI p-value β 95% CI p-value
ILE 1.89 −1.50-5.29 0.561 0.48 0.01-0.94 0.045
LEU 2.51 −4.30-9.33 0.467 1.17 0.24-2.10 0.014
VAL 11.87 −0.85-24.59 0.067 3.06 1.32-4.80 <0.001
PHE 7.40 2.46-12.35 0.004 1.30 0.62-1.97 <0.001
TYR 6.90 2.45-11.35 0.003 0.38 −0.22-0.99 0.214
TRP 4.24 1.54-6.94 0.002 <0.001 −0.37-0.37 0.999
GLU 6.06 −0.96-13.09 0.090 2.39 1.43-3.35 <0.001
ALA −25.79 −55.39-3.81 0.087 4.32 0.27-8.36 0.037
ARG 1.26 −3.04-5.57 0.561 0.82 0.23-1.41 0.007
Regression coefficient (β) shown, from multiple linear regression analysis in
the samples controlling for BMI and PCOS status; CI, confidence interval.
a, adjusted for BMI.
b, adjusted for PCOS status.
Table 3 Pregnancy-related indexes grouped by PCOS status or BMI
Indexes PCOS status p-value BMI p-value
Control (n = 48) PCOS (n = 63) ≤25 kg/m2 (n = 73) >25 kg/m2 (n = 38)
No. of oocytes retrieved 15.40 ± 1.23 18.75 ± 1.30 0.064 18.36 ± 1.19 15.26 ± 1.39 0.111
No. of fertilized embryos 10.52 ± 0.98 13.71 ± 1.08 0.032 13.56 ± 0.98 9.97 ± 1.12 0.025
Fertilization rate 0.68 ± 0.03 0.71 ± 0.03 0.441 0.74 ± 0.02 0.61 ± 0.04 0.007
No. of 2PN embryos 9.04 ± 0.89 11.40 ± 0.96 0.074 11.37 ± 0.86 8.47 ± 0.99 0.040
2PN rate 0.57 ± 0.03 0.58 ± 0.03 0.829 0.61 ± 0.03 0.51 ± 0.04 0.029
No. of available embryos 6.56 ± 0.77 9.49 ± 0.93 0.017 8.64 ± 0.81 7.42 ± 1.03 0.364
Embryo transfer
Yes 45 49 N/A 61 33 N/A
No 3 14 N/A 12 5 N/A
Cancellation rate 6.25% 22.22% 0.021 16.44% 13.16% 0.649
Pregnancy outcome
No. of pregnant cases 25 22 N/A 30 17 N/A
No. of failed cases 18 22 N/A 29 11 N/A
No. of pregnancy loss 2 5 N/A 2 5 N/A
Implantation rate 0.38 ± 0.06 0.33 ± 0.06 0.550 0.33 ± 0.05 0.40 ± 0.07 0.345
Pregnancy rate 60.00% 55.10% 0.210 52.46% 62.07% 0.184
Abortion rate 7.40% 18.52% 0.224 6.25% 22.72% 0.107
Values were expressed as mean ± SEM. Comparisons between groups were done with t test after testing for equality of variance or Chi-square test or Fisher’s
exact test for proportional data analysis. PN, pronucleus. N/A, not available.
Zhang et al. BMC Pregnancy and Childbirth 2014, 14:11 Page 4 of 7
http://www.biomedcentral.com/1471-2393/14/11also tended to increase, but the difference between groups
failed to achieve statistical significance. 49 out of 63 PCOS
patients received embryo transfer (ET), while it was can-
celed in 11 patients to prevent ovarian hyper-stimulation
syndrome (OHSS). Another 2 patients failed to receive
any embryo qualified for transfer, and ET was delayed in 1
patient because of unsuitable endometrium. In the control
group, only 3 patients canceled ET for the prevention of
OHSS. The cycle cancellation rate in the PCOS group was
much higher than that in control group (22.22% versus
6.25%, P < 0.05). PCOS patients showed a trend to have
a higher abortion rate in comparison with the controls,
but the difference was not statistically significant (18.52%
versus 7.40%, P = 0.224).
We further analyzed the effects of BMI on pregnancy
outcome by considering all patients as a whole. Patients
were grouped as either obese (BMI ≥ 25) or with normal-
weight (BMI < 25) [15]. We found that overweight patients
had less fertilized embryos and 2PN embryos (P = 0.025
and P = 0.040, respectively) (Table 3) compared with nor-
mal body weight counterparts. Additionally, the fertilization
rate and 2PN rate also significantly declined in the over-
weight group (P = 0.007 and P = 0.029, respectively), while
the abortion rate tended to increase (22.72% versus 6.25%,
P = 0.107).
Further analyses in pregnant patients (PP) and non-
pregnant patients (NPP) revealed the potentially favor-
able or unfavorable roles of AAs. Patients ended withpregnancy loss were classified as failed patients. Com-
pared with unsuccessful PCOS cohorts, pregnant PCOS
patients had significantly higher levels of aspartic acid and
serine (P = 0.009 and P = 0.032, respectively) (Additional
file 1: Table S3), and the glycine level tended to be elevated
(P = 0.065). The levels of BCAA were slightly increased
but did not reach statistical significance in the failed
group. These results suggest that aspartic acid and serine
may serve as favorable metabolites for successful preg-
nancy in PCOS patients.
As shown above, patients with higher BMI had elevated
BCAA levels. The association of BCAA with pregnancy
outcome was more prominent when considering all the
patients as a whole. A total of 94 subjects received ET in
the two groups. The levels of all three BCAAs increased
in the unsuccessful group, and significant differences
were observed in total BCAA and valine levels (P = 0.049
and P = 0.047, respectively) (Additional file 1: Table S3).
The pregnancy rate of subjects with elevated BCAA levels
was significantly lower than that of the control subjects
(P = 0.036) at a BCAA cutoff value of 239.10 μM, while
the abortion rate was much higher than the controls
(P = 0.004) (Table 4).
Discussion
The current study determined follicular AA levels in
PCOS and control subjects. We found that AAA levels
were increased in PCOS patients independent of obesity,
Table 4 Chi-square test of pregnancy outcome grouped by BCAA values in all embryo-transferred subjects
Pregnancy outcome BCAA ≤ 239.10 (μM) (n = 54) BCAA>239.10 (μM) (n = 40) p-value
Pregnancy rate 66.67% (36/54) 45.00% (18/40) 0.036
Abortion rate 2.78% (1/36) 33.33% (6/18) 0.004
Comparisons between groups were made by Chi-square test or Fisher’s exact test for proportional data analysis.
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and arginine levels were elevated with BMI irrespective
of PCOS. Moreover, in PCOS patients, increased leucine,
valine and glutamic acid levels were associated with IR,
while elevated aspartic acid and serine levels were associ-
ated with pregnancy success. Additionally, in non-pregnant
subjects, BCAA and valine levels were higher compared to
pregnant subjects. Taken together, our data suggest that
both PCOS and obesity were accompanied by follicular AA
metabolic disturbances, which may influence pregnancy
outcome.
To our knowledge, our study was the first to examine
follicular AAs metabolic profiles in PCOS patients.
Former reports on AA metabolic profiles in PCOS pa-
tients are limited to the plasma level and focused on
selected, instead of all, natural AAs except for the study
by Zhao and colleagues [5,9,10]. In addition, none of
these studies assessed the potential influences of AAs
on pregnancy outcome, with which both clinicians and
PCOS patients are mostly concerned. In comparison,
the current study examined 20 natural AAs and specif-
ically focused on local ovarian environment that is more
relevant to oocyte development and pregnancy. The
findings on the heterogeneity of AAs profiles associated
with PCOS, IR and obesity as well as the relationship
between AAs and pregnancy outcome may provide
valuable guidance to clinical practice. Notably, several
beneficial or unfavorable AAs for pregnancy outcome
were highlighted in this study. For example, aspartic
acid and serine may improve the chance of successful
pregnancy in PCOS patients, while elevated BCAA
values may increase the risks of abortion and pregnancy
failure in patients with higher BMI. These data suggest
that novel therapeutic strategies that could increase the
levels of beneficial AAs and/or normalize the levels of
unfavorable AAs may promote pregnancy success in
PCOS and obese patients.
This study showed that, similar to our findings in the
plasma [5]. AAA levels were increased in the follicular
fluid in PCOS patients. Additionally, both leucine and
valine levels were correlated with IR in both serum and
follicular fluid. However, our studies also reveal discrep-
ancies in systemic and local AA metabolic profiles in
PCOS patients. Plasma levels of BCAA were increased
in PCOS patients, whereas follicular BCAA was mainly
affected by BMI. As here we selected both obese and
normal-weight patients, while only lean control patients
were included by Zhao, the current study design couldmore precisely distinguish the respective influences of
PCOS and obesity. Moreover, the relationship between
plasma glycine, serine and threonine levels and IR was not
noticed in the follicular fluid. In addition, in the current
study, most of the PCOS patients receiving IVF treatments
were anovulatory or oligo-ovulatory. Therefore, unlike the
study in the plasma, we could not compare the difference
of AA levels in patients with and without ovulation.
We observed that elevated AAA level was a typical
characteristic of PCOS. However, no difference in AAA
levels between pregnant and non-pregnant PCOS subjects
was detected, indicating that AAA may not influence
pregnancy outcome. Moreover, IR-PCOS subjects showed
distinct AA metabolic profiles compared with NIR-PCOS
and control subjects. These findings suggest that PCOS
patients exhibited heterogeneous follicular AAs profiles.
We noticed that obesity exerted a more pronounced
effect on pregnancy outcome and AA metabolic profiles
than expected. In agreement with previous findings
that obesity is associated with an impaired response to
fertility treatments and negatively affects pregnancy
outcome [16,17], we found that overweight patients
had less fertilized and 2PN embryos as well as reduced
fertilization and 2PN rates, which may be attributed to
the metabolic disturbances of obesity-related AAs such
as BCAA and glutamic acid. Since obesity is the major
feature of PCOS, these AAs with various molecular
and cellular functions may exert significant effects in
PCOS patients and merit further attention. The possible
mechanisms of action of the relevant AAs will be
discussed below.
We found that the above-mentioned AAs, especially
BCAA, were closely related to pregnancy outcome. In
obese subjects, the increased levels of glutamic acid,
which is produced in the first step of BCAA catabolism,
might simply be reflective of elevated BCAA concentra-
tions. Recently, it has been shown that the alterations of
plasma BCAA and Glx (mostly glutamic acid) levels are
strongly associated with IR [18]. Prospective studies have
also verified that BCAA is the predicator of IR and dia-
betes [6]. The increase in follicular BCAA concentrations
in obese and PCOS patients, especially those with IR, may
reflect local ovarian IR as their utilization required normal
insulin signaling [9]. On the other hand, these elevated
AAs may in turn promote the occurrence of IR.
The molecular mechanisms of the action of BCAA in-
volve multiple signaling molecules, especially the insulin
receptor substrate-1 [19,20]. Moreover, IR is a key feature
Zhang et al. BMC Pregnancy and Childbirth 2014, 14:11 Page 6 of 7
http://www.biomedcentral.com/1471-2393/14/11associated with PCOS and contributes to reproductive
dysfunction in PCOS patients [21]. In addition to the
peripheral IR, both granulosa-lutein cells and cumulus
cells in PCOS patients display blunted insulin-stimulated
glucose uptake and lactate production due to abnormal
insulin signaling [22,23], which may further compromise
energy supply and cell growth. Taken together, our find-
ings suggest that the elevation of follicular BCAA nega-
tively influences pregnancy outcome possibly via inducing
local IR in the ovary. Future studies are needed to dissect
their molecular and cellular mechanisms in PCOS and
obesity.
Aspartic acid is positively associated with the quality
of metaphase II oocytes and fertilization rates in IVF
patients [24]. Moreover, aspartic acid supplement can
improve semen quality and modulate steroidogenesis
[25,26], indicative of its essential role in male reproduction.
We found that aspartic acid was markedly elevated in
pregnant PCOS patients, and our data suggest it as a
beneficial metabolite for pregnancy outcome in PCOS
patients. However, we did not observe similar results when
all patients were considered as a whole. Therefore, the role
of aspartic acid in these processes and whether it exerts
differential effects in PCOS and healthy women merit
further investigations.
Serine and glycine are another two AAs that attract our
attention. The elevated levels of serine in the pregnant
PCOS group imply its potentially favorable role in preg-
nancy outcome. Intriguingly, we found that serine and
glycine concentrations were highly correlated in PCOS
patients (r = 0.67) (Additional file 1: Figure S1). As re-
ported previously, chronic inflammation, the imbalance
between pro- and anti-inflammatory cytokines and im-
paired glucose tolerance in the plasma and FF are involved
in the pathophysiology of PCOS [27,28]. It has also
been shown that glycine can increase the levels of anti-
inflammatory cytokines while reduce the levels of
inflammatory cytokines [7,29,30], which may disrupt
steroidogenesis, follicular maturation and ovulation
and thus contribute to ovarian dysfunction [31,32].
Moreover, glycine treatment decreases the levels of
pro-inflammatory cytokines and improves glucose me-
tabolism in T2DM [33,34]. Therefore, glycine may be
considered beneficial for patients with inflammation
and impaired glucose regulation, such as PCOS sub-
jects. As for serine, it is possible that it exerts similar
effects to glycine via conversion to glycine [35]. The
decreased level of follicular serine in PCOS patients
may increase the production of local inflammatory cyto-
kines, which consequently causes ovarian dysfunction.
However, the involvement of serine in reproduction merits
further studies. It should be noted that, similar to the
results for aspartic acid, we failed to detect any beneficial
effect of serine for successful pregnancy when all patientswere considered as a whole, indicating that its role may be
limited to PCOS patients.
Our study has a few limitations. First, PCOS patients
did not show more adverse pregnancy outcome compared
with the controls, except for the higher cancellation rate
as previously reported [36]. However, PCOS patients may
still undertake a higher risk for abortion, and our failure to
detect any statistical significance might be ascribed to
the limited sample size. Second, the FF we analyzed
could only reflect AA metabolism as a whole, but failed
to correspond to each oocyte and its further developmen-
tal competence. In addition, we did not analyze whether
the follicle size had any effect on AA metabolism. Future
studies with a larger sample size and more intricate study
design may help resolve these limitations.
Conclusion
Both PCOS and obese patients exhibited metabolic distur-
bances of follicular AAs, which may exacerbate their IVF
outcome possibly through changing glucose metabolism
and/or inducing inflammation. These follicular AA meta-
bolic disturbances may account for the higher abortion
rate in PCOS patients and inferior pregnancy outcome in
obese patients. Therefore, local metabolic disturbances
should be taken into consideration when implementing
diagnostic and therapeutic strategies. Moreover, treat-
ments normalizing systemic and local AA metabolism in
PCOS and obese patients may create a beneficial environ-
ment for oocyte development.
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control subjects. Table S2. AA concentrations in patients with and
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glycine and serine concentrations.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
JQ, RL and PL participated in the study concept and design, analysis and
interpretation of data, and critical revision of the manuscript. C-MZ did the
statistical analyses and wrote the manuscript. YZ, YY and L-YY helped to
collect the samples. N-NL and LL participated in sample preparation and
laboratory assays. All authors are guarantors of the work. All authors
participated in the revision and final approval of the manuscript, and had full
access to the data of the study.
Acknowledgements
We thank Hua Zhang, Lixue Chen, Shengli Lin, Xiaodan Shi and Zhuo Yang
from Peking University Third Hospital for their contributions to sample
selection and statistical analysis. We also thank all the sample donors as well
as the doctors and nurses of the Reproductive Medical Center of Peking
University Third Hospital for their excellent assistance. This research was
supported by grants from the National Natural Science Foundation of China
(No.81170538 and No.81300457), National Key Technology R&D Program in
the Twelve Five-Year Plan (No.2012BAI32B01), and Ministry of Science and
Technology of China Grant (No.973 program; 2011CB944504).
Zhang et al. BMC Pregnancy and Childbirth 2014, 14:11 Page 7 of 7
http://www.biomedcentral.com/1471-2393/14/11Author details
1Reproductive Medical Center, Department of Obstetrics and Gynecology,
Peking University Third Hospital, No. 49 Huayuan North Road, Beijing,
Haidian District 100191, People’s Republic of China. 2Key Laboratory of
Assisted Reproduction, Ministry of Education, Beijing, China. 3Beijing Key
Laboratory of Reproductive Endocrinology and Assisted Reproductive
Technology, Beijing, China.
Received: 8 October 2013 Accepted: 6 January 2014
Published: 10 January 2014
References
1. Goodarzi MO, Dumesic DA, Chazenbalk G, Azziz R: Polycystic ovary
syndrome: etiology, pathogenesis and diagnosis. Nat Rev Endocrinol 2011,
7(4):219–231.
2. de Groot PC, Dekkers OM, Romijn JA, Dieben SW, Helmerhorst FM: PCOS,
coronary heart disease, stroke and the influence of obesity: a systematic
review and meta-analysis. Hum Reprod Update 2011, 17(4):495–500.
3. Franks S: Polycystic ovary syndrome. N Engl J Med 1995, 333(13):853–861.
4. Sahu B, Ozturk O, Ranierri M, Serhal P: Comparison of oocyte quality and
intracytoplasmic sperm injection outcome in women with isolated
polycystic ovaries or polycystic ovarian syndrome. Arch Gynecol Obstet
2008, 277(3):239–244.
5. Zhao Y, Fu L, Li R, Wang LN, Yang Y, Liu NN, Zhang CM, Wang Y, Liu P, Tu BB,
et al: Metabolic profiles characterizing different phenotypes of polycystic
ovary syndrome: plasma metabolomics analysis. BMC Med 2012, 10:153.
6. Wang TJ, Larson MG, Vasan RS, Cheng S, Rhee EP, McCabe E, Lewis GD, Fox
CS, Jacques PF, Fernandez C, et al: Metabolite profiles and the risk of
developing diabetes. Nat Med 2011, 17(4):448–453.
7. Garcia-Macedo R, Sanchez-Munoz F, Almanza-Perez JC, Duran-Reyes G,
Alarcon-Aguilar F, Cruz M: Glycine increases mRNA adiponectin and
diminishes pro-inflammatory adipokines expression in 3 T3-L1 cells.
Eur J Pharmacol 2008, 587(1–3):317–321.
8. Gonzalez IM, Martin PM, Burdsal C, Sloan JL, Mager S, Harris T, Sutherland
AE: Leucine and arginine regulate trophoblast motility through mTOR-
dependent and independent pathways in the preimplantation mouse
embryo. Dev Biol 2012, 361(2):286–300.
9. Escobar-Morreale HF, Samino S, Insenser M, Vinaixa M, Luque-Ramirez M,
Lasuncion MA, Correig X: Metabolic heterogeneity in polycystic ovary
syndrome is determined by obesity: plasma metabolomic approach
using GC-MS. Clin Chem 2012, 58(6):999–1009.
10. Sun L, Hu W, Liu Q, Hao Q, Sun B, Zhang Q, Mao S, Qiao J, Yan X:
Metabonomics reveals plasma metabolic changes and inflammatory
marker in polycystic ovary syndrome patients. J Proteome Res 2012,
11(5):2937–2946.
11. Arya BK, Haq AU, Chaudhury K: Oocyte quality reflected by follicular fluid
analysis in poly cystic ovary syndrome (PCOS): a hypothesis based on
intermediates of energy metabolism. Med Hypotheses 2012, 78(4):475–478.
12. Rotterdam ESHRE/ASRM-Sponsored PCOS Consensus Workshop Group:
Revised 2003 consensus on diagnostic criteria and long-term health risks
related to polycystic ovary syndrome. Fertil Steril 2004, 81(1):19–25.
13. Hemmings KE, Maruthini D, Vyjayanthi S, Hogg JE, Balen AH, Campbell BK,
Leese HJ, Picton HM: Amino acid turnover by human oocytes is influenced
by gamete developmental competence, patient characteristics and
gonadotrophin treatment. Hum Reprod 2013, 28(4):1031–1044.
14. Xing XY, Yang WY, Yang ZJ: The diagnostic significance of homeostasis
model assessment of insulin resistance in metabolic syndrome among
subjects with different glucose tolerance. Chin J Diabetes 2004, 12(3):182–186.
15. Clinical guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults: executive summary. Expert Panel on
the Identification, Evaluation, and Treatment of Overweight in Adults.
Am J Clin Nutr 1998, 68(4):899–917.
16. Norman RJ, Noakes M, Wu R, Davies MJ, Moran L, Wang JX: Improving
reproductive performance in overweight/obese women with effective
weight management. Hum Reprod Update 2004, 10(3):267–280.
17. Pantasri T, Norman RJ: The effects of being overweight and obese on female
reproduction: a review. Gynecol Endocrinol 2013. Epub ahead of print.
18. Newgard CB: Interplay between lipids and branched-chain amino acids
in development of insulin resistance. Cell Metab 2012, 15(5):606–614.
19. Tremblay F, Marette A: Amino acid and insulin signaling via the mTOR/
p70 S6 kinase pathway. A negative feedback mechanism leading toinsulin resistance in skeletal muscle cells. J Biol Chem 2001,
276(41):38052–38060.
20. Xiao F, Huang Z, Li H, Yu J, Wang C, Chen S, Meng Q, Cheng Y, Gao X, Li J,
et al: Leucine deprivation increases hepatic insulin sensitivity via GCN2/
mTOR/S6K1 and AMPK pathways. Diabetes 2011, 60(3):746–756.
21. Qiao J, Feng HL: Extra- and intra-ovarian factors in polycystic ovary
syndrome: impact on oocyte maturation and embryo developmental
competence. Hum Reprod Update 2011, 17(1):17–33.
22. Rice S, Christoforidis N, Gadd C, Nikolaou D, Seyani L, Donaldson A, Margara
R, Hardy K, Franks S: Impaired insulin-dependent glucose metabolism in
granulosa-lutein cells from anovulatory women with polycystic ovaries.
Hum Reprod 2005, 20(2):373–381.
23. Purcell SH, Chi MM, Lanzendorf S, Moley KH: Insulin-stimulated glucose
uptake occurs in specialized cells within the cumulus oocyte complex.
Endocrinology 2012, 153(5):2444–2454.
24. D’Aniello G, Grieco N, Di Filippo MA, Cappiello F, Topo E, D’Aniello E,
Ronsini S: Reproductive implication of D-aspartic acid in human
pre-ovulatory follicular fluid. Hum Reprod 2007, 22(12):3178–3183.
25. Topo E, Soricelli A, D’Aniello A, Ronsini S, D’Aniello G: The role and
molecular mechanism of D-aspartic acid in the release and synthesis of
LH and testosterone in humans and rats. Reprod Biol Endocrinol 2009,
7:120.
26. Macchia G, Topo E, Mangano N, D’Aniello E, Boni R: DL-Aspartic acid
administration improves semen quality in rabbit bucks. Anim Reprod Sci
2010, 118(2–4):337–343.
27. Kelly CC, Lyall H, Petrie JR, Gould GW, Connell JM, Sattar N: Low grade
chronic inflammation in women with polycystic ovarian syndrome. J Clin
Endocrinol Metab 2001, 86(6):2453–2455.
28. Amato G, Conte M, Mazziotti G, Lalli E, Vitolo G, Tucker AT, Bellastella A,
Carella C, Izzo A: Serum and follicular fluid cytokines in polycystic ovary
syndrome during stimulated cycles. Obstet Gynecol 2003,
101(6):1177–1182.
29. Spittler A, Reissner CM, Oehler R, Gornikiewicz A, Gruenberger T, Manhart N,
Brodowicz T, Mittlboeck M, Boltz-Nitulescu G, Roth E: Immunomodulatory
effects of glycine on LPS-treated monocytes: reduced TNF-alpha
production and accelerated IL-10 expression. FASEB J 1999, 13(3):563–571.
30. Alarcon-Aguilar FJ, Almanza-Perez J, Blancas G, Angeles S, Garcia-Macedo R,
Roman R, Cruz M: Glycine regulates the production of pro-inflammatory
cytokines in lean and monosodium glutamate-obese mice. Eur J
Pharmacol 2008, 599(1–3):152–158.
31. Montgomery Rice V, Limback SD, Roby KF, Terranova PF: Differential
responses of granulosa cells from small and large follicles to follicle
stimulating hormone (FSH) during the menstrual cycle and acyclicity:
effects of tumour necrosis factor-alpha. Hum Reprod 1998,
13(5):1285–1291.
32. Vural P, Degirmencioglu S, Saral NY, Akgul C: Tumor necrosis factor alpha
(-308), interleukin-6 (-174) and interleukin-10 (-1082) gene polymorphisms
in polycystic ovary syndrome. Eur J Obstet Gynecol Reprod Biol 2010,
150(1):61–65.
33. Cruz M, Maldonado-Bernal C, Mondragon-Gonzalez R, Sanchez-Barrera R,
Wacher NH, Carvajal-Sandoval G, Kumate J: Glycine treatment decreases
proinflammatory cytokines and increases interferon-gamma in patients
with type 2 diabetes. J Endocrinol Invest 2008, 31(8):694–699.
34. Sekhar RV, McKay SV, Patel SG, Guthikonda AP, Reddy VT, Balasubramanyam
A, Jahoor F: Glutathione synthesis is diminished in patients with
uncontrolled diabetes and restored by dietary supplementation with
cysteine and glycine. Diabetes Care 2011, 34(1):162–167.
35. Kikuchi G, Hiraga K: The mitochondrial glycine cleavage system. Unique
features of the glycine decarboxylation. Mol Cell Biochem 1982,
45(3):137–149.
36. Heijnen EM, Eijkemans MJ, Hughes EG, Laven JS, Macklon NS, Fauser BC: A
meta-analysis of outcomes of conventional IVF in women with polycystic
ovary syndrome. Hum Reprod Update 2006, 12(1):13–21.
doi:10.1186/1471-2393-14-11
Cite this article as: Zhang et al.: Metabolic heterogeneity of follicular
amino acids in polycystic ovary syndrome is affected by obesity and
related to pregnancy outcome. BMC Pregnancy and Childbirth 2014 14:11.
